The minimal growth temperature of the pathogenic leptospires is between 13 and 15 C. The saprophytic leptospires have a minimal growth temperature between 5 and 10 C, or approximately 5 C below that of the pathogens. The capability of the saprophytic leptospires to grow at temperatures below those which allow the growth of the pathogenic leptospires provides a simple method of discrimination.
The pathogenic and saprophytic leptospires are similar in morphology but differ in several biological characteristics. When compared to the pathogens, the saprophytes manifest greater resistance to copper sulfate (6) and 8-azaguanine (13) , and possess higher oxidase (8) and egg-yolk decomposing activity (7) . The saprophytes also produce a mouse-erythrocyte hemolytic factor (17) , and certain types can grow in the absence of CO2 (18) . Recent studies (Haapala, Rogul, and Alexander, personal communication) on the guanine-cytosine content and annealing properties of leptospiral nucleic acids indicate a marked genetic diversity within the genus Leptospira.
The saprophytic leptospires are indigenous to fresh surface waters, and neither a parasitic nor a saprophytic role has been firmly established for them. Mammals are not susceptible to experimental infection by these leptospires. The common habitat of the pathogenic leptospires is the mammalian kidney. The presence of pathogenic leptospires in lakes and streams is an index of leptospirosis in wildlife or domestic animals having access to these waters. Hence, the differentiation of the saprophytic leptospires from the pathogens is important to both the epidemiologist and the taxonomist.
This report concerns the use of the growth response of saprophytic and pathogenic leptospires at low temperatures as a method of discrimination.
MATERIALS AND METHODS
Cultures of leptospires were maintained in a rabbit serum medium containing 100 ,ug of 5-fluorouracil per ml (12) at an incubation temperature of 30 C. Cells used in the temperature studies were 3 to 5 days old. The sources of the cultures were previously described (10) .
Growth was measured with a Coleman (model 7) photonephelometer, and the readings were converted to number of organisms per milliliter. The relationship between nephelometer reading and cell count remained constant for growth in the rabbit serum medium and in the Tween 80-albumin medium. Periodic samples from the growth experiments were counted by use of a Petroff-Hausser counting chamber to verify the relationship between cell count and the nephelometer reading.
All cultures of saprophytic leptospires were cloned from isolated colonies (15) . The plating medium consisted of rabbit serum medium containing 1% agar (Difco; 3). The Tween 80-albumin medium was a modification of that described by Ellinghausen and McCullough (5) . Separate stock solutions of the following chemicals were made in distilled water (expressed in grams per 100 ml): NH4C1, 25; ZnSO4-7H20, 0.4; CaCl12 2H20 and MgC12 6H20, 1 each; FeSO4-7H20, 0.5; CuS04-5H20, 0.3; glycerol, 10; Tween 80, 10; thiamine, 0.5; and vitamin B12, 0.02. It was not necessary to adjust the pH of the stock solutions.
The basal medium consisted of Na2HP04 (1 g), KH2P04 (0.3 g), NaCl (1 g), and NH4Cl, thiamine, and glycerol stocks (1 ml each) in a total of 997 ml of distilled water. After the basal medium was ad- The albumin supplement was prepared by adding 20 g of bovine albumin, Fraction V (Pentex, Inc., Kankakee, Ill.), to 100 ml of distilled water. The following stock solutions (in milliliters) were added slowly to the albumin solution while it was being stirred: calcium and magnesium chloride, 2; zinc sulfate, 2; copper sulfate, 0.2; iron sulfate, 20; vitamin B12, 2; and Tween 80, 25. The pH of the albumin solution was adjusted to 7.4, and the final volume, to 200 ml. The albumin supplement was sterilized by filtration.
The complete albumin medium was prepared by adding 1 volume of the albumin supplement to 9 volumes of basal medium.
The rabbit serum medium was prepared by adding 5 ml of L-asparagine stock solution (3g of L-asparagine per 100 ml of distilled water) and 1 ml of the calcium and magnesium chloride stock solution to 100 ml of pooled rabbit serum (Pel-Freez Biologicals, Inc.). The serum was adjusted to pH 7.4 and was sterilized by filtration. The serum was then incubated at 37 C for at least 18 hr. One volume of the rabbit serum was added to 9 volumes of the basal medium described for the albumin medium.
The preparation of these media makes use of the chelating activity of the serum proteins and thus eliminates the formation of insoluble salts. It also makes use of the asparaginase activity of whole serum which releases ammonia slowly from the asparagine in the medium.
RESULTS
Both the saprophyte Leptospira biflexa Patoc I and the pathogen L. pomona Wickard grew well at 30 C ( Fig. 1 and 2 ). As the temperature of incubation was decreased, a marked difference in the ability of these two leptospires to grow in the rabbit serum medium became apparent. L. biflexa continued to multiply at temperatures as low as 10 C. Growth of this leptospire ceased between 5 and 10 C (Fig. 1) . In contrast to L. biflexa, L. pomona did not grow at 10 or 13 C (Fig. 2) . Growth proceeded slowly at 15 C, and a marked increase in rate of growth occurred as the temperature was raised to 17 C. The minimal growth temperature for L. pomona was between 13 and 15 C.
The influence of inoculum size on the growth of pathogenic and saprophytic leptospires at low temperatures was studied. Rabbit serum medium containing 0.4 X 107, 2 x 107, 4 x 107, and 8 X 107 leptospires per ml was incubated at 13 C. The two pathogens L. pomona and L. canicola were unable to grow at 13 C regardless of the inoculum size (Table 1) . However, the growth of the saprophytes was influenced by the number of organisms initially present in the medium ( Table 1) . As the number of leptospires was increased from 0.4 X 107 to 2 X 107 per ml, the amount of growth ob- tained in 10 days increased 3-to 18-fold. Further increase in inoculum size resulted in small cellyield increases, except with the slow-growing saprophytes such as L. andaman Correo and L. andaman A CH 11. Increasing the inoculum from 2 X 107 to 8 X 107 organism per ml resulted in a three to seven times greater cell yield with these leptospires (Table 1) .
The effect of preincubating the inoculated medium at 30 C before incubation at 13 C was also investigated. Media containing 2 X 10' leptospires per ml was preincubated for 2 to 22 hr at 30 C. This procedure did not alter the inhibitory effect of 13 C on the growth of the pathogens. The growth response of the saprophytes at 13 C was improved by this treatment. Again, as with the incculum-size experiment, the slowergrowing saprophytes demonstrated the greatest increase in growth response.
The results obtained with a limited number of test organisms suggested that saprephytic and pathogenic leptospires might be differentiated on the basis of their growth response at 13 C. To test this supposition, the growth response of 20 pathogens and 13 saprophytes was examined at 13 and 30 C. A 20% (v/v) inoculum yielding 8 x 107 leptospires per ml in the rabbit serum medium was used. All the test organisms grew well at 30 C (Table 2) . However, only the saprophytic leptospires were able to grow at 13 C. None of the pathogenic leptospires demonstrated any significant growth response at this temperature during the 30-day incubation period. In addition, no differences in growth response at 13 C were observed between virulent and avirulent pathogens or between freshwater isolates and strains of saprophytes which had been cultivated in the laboratory for a number of years.
The 10% rabbit serum medium was replaced with the Tween 80-albumin medium to ascertain what effect medium composition might have on the assay. The same differential growth response of the pathogenic and saprophytic leptospires at 13 C was observed with the Tween 80-albumin. Thus, the major requirement of the medium to be used in this method of differentiation is that it supports good growth of leptospires at 30 C.
DIscUSSION
According to Bergey's Manual ofDeterminative Bacteriology (7th ed., 1957), the optimal growth temperature of the pathogenic leptospires is 25 C, whereas the saprophytes grow best at 20 C. Few studies have been concerned with the minimal growth temperature of the leptospires. Noguchi (16) and Chang (1) reported growth of L. icterohaemorrhagiae at 10 C. However, Chang found growth at 10 C to be extremely slow, resulting in a generation time of 401 hr. Ellinghausen (4) studied the influence of temperature on the growth of L. pomona. He was unable to detect any growth of L. pomona after 4 days of incubation at 15 C. None of the pathogens we tested grew at 10 or 13 C during the 30-day incubation period. All the pathogens grew slowly at 15 C when a large inoculum (20% v/v) was used. <1  <1  <1  <1  <1  <1  <1  <1  <1  <1   <1  <1  <1  <1  <1  <1  <1  <1  <1  <1   48  47  47  67  61  86  84  99  43  45  96  68  39   39  22  27  42  36  25  25  15  20  32   33  33  21  17  19  57  48  47  46  21   56  97  64  109  73  86  88  116  95  60  100  87  95 a Test medium, 10% rabbit serum medium; inoculum size, 4 X 10' to 8 X 107 leptospires per ml.
I Incubation time, 10 days. Thus, in our rabbit serum medium the minimal growth temperature for the pathogenic leptospires was between 13 and 15 C. The saprophytic leptospires had a minimal growth temperature between 5 and 10 C, which was approximately 5 degrees lower than that of the pathogens. Since the saprophytic leptospires can multiply at a temperature that is below the minil growth temperature of the pathogens, a simple method of discrimination is provided. Comparison of the Tween 80-albumin medium and the rabbit serum medium demonstrated that media quite different in composition can be used in this method of differentiation. The use of a large inoculum (20% v/v) of actively growing cells minimizes any variation in the nutritional qualities of the test medium used. These observations indicate that any of the media commonly used for the cultivation of leptospires can be used in this test.
Various methods have been proposed for the separation of saprophytic leptospires from the pathogenic leptospires. Kmety et al. (14) investigated the efficacy of the copper sulfate test, the oxidase test, the mouse-erythrocyte hemolysis test and the egg-yolk test. They concluded that no single test could be used for classification purposes. Cox (2) used resistance to 8-azaguanine and copper sulfate for characterizing leptospires isolated from surface waters. In our laboratory, we have satisfactorily separated saprophytic from pathogenic leptospires using either the 8-azaguanine test or growth at low temperatures. We previously reported (11) that saprophytic leptospires could be differentiated from the pathogens on the basis of the susceptibility of the former to the leptospiricidal activity of normal rabbit serum. Saprophytic leptospires were killed by low concentrations of serum (2 to 10%), whereas the pathogens were resistant to serum concentrations of greater than 50%. Additional studies with this assay gave variable results. We found that saprophytic leptospires which had been maintained in the laboratory for a number of years were killed by low concentrations of serum. However, saprophytes recently isolated from surface waters were frequently completely resistant to as much as 50% serum. We have no explanation for this observed difference at this time. Another interesting observation was made while studying the growth of leptospires at low temperatures. L. andaman Correo and L. anuman A CH 11 were isolated from man, but behaved as saprophytic strains in the tests for characterization (9, 14) . When using a small inoculum, we observed that the growth of these two leptospires at 13 C was the poorest of all the saprophytic leptospires tested (Table 1) . This suggests that they may possess some physiological characteristic intermediate between the saprophytes and the pathogens.
The separation of the two groups of leptospires is based on quantitative, not qualitative, differences. Thus, in addition to use of a known pathogen and saprophyte as controls in each test, it is necessary to remember that the most important characteristic is the differential rather than the absolute response. For example, with our culture media we found 13 C to be a good temperature for differentiating the saprophytes from the pathogens. It is conceivable that, with a less satisfactory culture medium, the temperature of differentiation could be 14 or 15 C. However, the lowest temperature that allows good growth of the saprophytes should always be at least 5 degrees below the temperature that permits growth of the pathogen.
The basis for the differential growth response of pathogenic and saprophytic leptospires at low temperatures is currently under investigation.
AcKNowLEGMENT
This investigation was supported by Public Health Service grant AI06589 from the National Institute of Allergy and Infectious Diseases.
LrrERATURE CTED
